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The Space Radiation Environment 

Space Environments and Related 
Effects I 

of micro- corruption 
electronics ,Noise on 

-Degradation 
of solar cells damage 

2 



Space Radiation Environment 
~~ ~ 

Sunspot Cycle: 
An Indicator of the Solar Cycle 
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Solar Particle Events 

Cyclical (Solar Max, Solar Min) 
- 11-year AVERAGE (9 to 13) 
- Sol= Y ~ x  is m ~ f e  active time period 

Twotypesofevents 
- oraduat (Coronal MESS ~jecti~ns- 

-1 
*Rotontidr 

Solar Proton Event - October 5989 

Proton Fluxes - 99% Worst Case Event 
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ree-Space Particles: Galactic I 
C os m i c- Rays_!G C Rs ))o r-H ea vy 

Ions 

- A-Mbs-particle B--wAkl4*II*.fLWnw)*I 

Trapped Particles in the Earth’s Magnetic 
Field: Proton & Electron intensities 

AP-8 Model AE-8 Model 
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_ _ _ ~ ~ ~ ~  Effects of ~ the ~ Asymmetry in the Proton Belts ~ on ~~ 

SRAM Upset Rate at Varying Altitudes on CRUWAPEX 
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SRAM Upset Rate at Varying Altitudes on CRUWAPEX I 
w , . . . . , . I Hllashi  I N  Alhtud. 65Okm - 75Okm H # I a C h i  1U Alldude 125Dkm - 135Okm 

Solar Cycle Effects: 
Modulator and Source 

I@ 
Solar Maximum 

v 
- Trapped Proton Lev& Lawer, 

Electrons Higher 
- G C R ~ V ~ ~ S L O W W  
- NeutronLevelsintheAtmosphere 
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The Effects 

Critical areas for design in the 
natural space radiation 
environment 
- Long-termeffects 

T~tal'h&ingdasefl'lD) 
*-- 

- Transient or single partide effects 
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Total Ionizing Dose (TID) 
Cumulative long term ionizing 
damage due to protons & 
electrons 
Effects Erne Voltage n. T a t  DOD. fa 1- 

- ThredioMsflii --- 

@ Displacement Damage (DD) 

Effects 

Cumulative long term non-ionizing d a m  
due to protons, electrons, and neutron 

- Productionofdefectswhictl 

- Maybesim&rtometfecg 
-w=ow=%* 
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Single Event Effects (SEES) 
An SEE is-mused by a singie cnargw’ parficie as it passes 
through a semiconductor material 
- Heavyions 

-Pmtonsforsemsithdevkes 
- Directionbatim 

 for^^ 

Radiation Effects on Electronics 
and the Space Environment 

Three pottions of the natural 
space environment contribute to 
the radiation hazard 
- Solar particles 

I -Ratonsandheavieriuts 
- Sn.m.m 

- Free-spaceparticles 



The Environment in Action 

Recent Solar Events - 
A Few Notes and Implications 
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( Science Spacecraft Anomalies During 1 
Recent Solar Events I 

@ Science Instrument Anomalies During 
Recent Soiar Events 
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Selected Other Consequences 

Orbits affected on several spacecraft 

Power system failure 

m n t  in power transmiss'm lines 
andBkWYOdC 

ation-dasf,aEettfW 

NASA Approaches to Electronics: 
Flight Projects and Proactive 

13 



NASA Missions - - 
A Wide Range of Needs 

NASA typically has over 200 missions in some 
stage of development 
- Ramge from baltcxm and shott4utation lauv+mih 

invedgatbns to long-life deep space 

Prior to the new Presidential “Moon-Marsyy 
vision 
- >90% of NASA m i s s i i  required 100 -(Si) 
or less for device total ionizing dose (TID) 
tderance 

Lunar footprint SkrgleEWEloedsm)werSPtme* 
- Suaarhrdnarcalsoalbitingfrcbr 
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NASA Approach tu RHA 

With commercial technology sensitivity to SEU 
increasing and limited radiation hardened 
offerings, a dual approach to RHA needs to be 
installed 
- Asystansappma&atthaWigMmissionkvei,and 

A Systematic Approach to Flight 
Project Radiation Hardness 

Assurance @HA) 
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Sensible Programmatics for Flight RHA: 
A Two-Pronged Approach for Missions 

Assign a lead radiation engineer to each spaceflight 
project 
- Treat radiation like other engineering disciplines 

Patls, thermml,... 

Envirammmt, parbevahbun * .tsatin&... 
- PIpVkies a singte pakrtoftontaGtforalf radhrtion issuss 

Each pmgmm kdkrws a systematic apprc~ch to RHA 
uHEtin.ttrelangmn 

@ Flight Program Radiation Hardness 
Assurance (RHA) Fiow 

1 c c 
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Radiation and Systems Engineering: 
A Rational Approach for Space Systems 

Define the Environment 
- External to the spacecraft 

Evaluate the Environment 
- Internal to the spacecraft 

Define the Requirements 
- Define criticality factors 

Evaluate Design/Components 
- Existing data/Testing/Performance characteristics 

“Engineer” with Designers 
- Parts replacementlMitigation schemes 

Iterate Process 

Approach to Insertion of New 
Electronics 
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Microelectronics can be split several ways 
- Digital, analog, mixed signal, other 
- ComplemenQry Metal Oxide Semiconductor (CMOS), Bipolar, etc... 
- Function (rniapproca9sw. mem~y,  ...) 

There are onlytwo commercial foundries (hem they build devices) 
in the US dedicated to building radiation hardened digital devices 
- E ~ ~ D o D t o p r o v i d e a f a e m a e ~ o f d e v e l o Q i n g ~  

daviarr 
-PIEID) 
Rouidar@ltfmaarlan~butno2 dwn%mfd.ufca 

C m v n e S d d ~ a n h a v a Q ’ e a t ~ m ~  - WelanceRaa 
t h b 4 M h h a n d e v e n o n r m d t i p l e ~ d b g n e d e v i c e  

noamnlmes? 

The Digital Logic Trends 
Standard CMOS 

DBl -cE L D d ,  
w-LM-1 ._ - Feature sizes are scaling ..... - ... 

e... - (shrinking) to sub41 micron sizes 1 E= - 
Faster devices. lower operating 4 mQ7 i ... 
voltages 

- Reducaddacbialmprohawithin !fa-- 
device3 

0 0  mo O D  B O  B O  *mu two u o o  
- New dielectricsam being used 
- Thicknessofgateoxideisbeing Ln -‘I- 

diminished Ui@er speed digital bperplionun d&wt 
witfonuardadng 
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@The New Challenge: Changes in CMOS 

m Analoghixed signal 

Not scaled as aggressively 
(need higher voltages to get 
analog range) 
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Efforts to "Harden" Commercial 
Microelectronics 

With limited radiation hardened by process 
(RHBP) foundries available, many organizations 
are seeking alternate approaches: 
- Radiation-hardsned by W i n  {RHBD)-using nan- 

invasive circuit techniques to utilize ccmmerchl 
foundries to build hardened cirwits, and 

Msystema 
detectand 

New Technologies - Sample issues 
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cp. insertion of Mew Technologies - - 
A Mission Perspective 

NASA mission timeframes rarely 
allow for a technology development 
Path 

technology freeze dates am likely 
2005 or eadier 

- Fora#K)8launch,forexampb. 

~ ~~~ ~ 

Insertion of New Technologies - 
An Amroach . .  

Develop knowledge-base of 
existing technology 
information 

reliabilitylradiation gpps 
Determine 
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Radiation Test Issues - Fidelity 

@ The Physics Models of Space 
Radiation - Environment to Target 

- Predictive model of the external 
space radiation environment that 
impinges on the spacecraft 

- Predictive model of the interadon 
of that environment with the 

External Space Environment 



Simpie example citing tool limitations 
- CREME96 Tool (standard SEU rate tool) 

Assumes the sensitive portion of the device (flip-flop) 

Data overthe last few years has shown the RPP model 
looks like a rectangular parallel-piped (RPP) 

doesnYalwsysfitmodemtechologyldrcuits 

Implications of Space Radiation 
Technology “Gaps” 

* Simplifying assumptions (such as RPP) used in many 
existing tools are inadequate for new technology 
performance r - Use of existing toobi for predictin purposes may add 

large risk factors onto NASA mkrlonr (signifkant under 
wwerprediiofparfomuncs) 

- PhpiCS-baSed mbdelS Cwld provide i mOre rcCwatc 
solution using physics-modding codes (GEANT4. 
MCffPX, etc.) 

b-urrkrgptydce 

rd 

lac.- 
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light Experiments - Validating Technology 

@( NASA's Living With a Star (LWS) Space 
Environment Testbed (SET) - 

A Dual Approach to Fiight Validation 

Data mining Flight expen'ments 
- The use of existing flight - F o ~ u s ~ n c o r r e b t i ~  

technology (semicondudor 
to material) perfonnamewith 
s o l a r d n t  space 
environnent ( r a d i i  UV, 
etC.) 

data to validate or develop 
imprwed models and 
tools 
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Find Comments and Future 
Considerations 

@ Technology, Testing, and Flight 
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